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Casing (15) h tnsuUed in a well in a folded collapsed condition by ui^lUng 
H fnim a ltd (87). Two firings of cubing (77. 29) extend continuously thnxigh the 
collapsed casing. Oacof theilringsof tubin^a?) Uconnectcd toaccnjcotshoe(l9) 
An opening tool (31) ii located above the cement shoe 
(19) and laduda a piston 03). TTm other tiring of luWng (29) ewendj to a pressure 
chmibcr (35) tfiai U betmn the piston (33) and the cement shoe (19). After the 
casing (15) is lowered with a nmnlng tool to die desired depth, cement is pumped 
down , the first string of lubiog (27X which flows b^k up the aimuhis surrounding 
the casing. A hquid is then pumped down the second string of cubing (29) into 

^'^^^'^ IT^P^^ P**» <3^> ^ <^<"fcal fonuing head 

upwanl (38. 39) rcUUvc to the cuing (15) and the itrings of tubing (27. 29). the 
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METHOD FOR CASING A WELLBORE 

Technical Field 

This invention relates in generaJ to installing well casing in oil and gas 
wells and in particular to a method involving fabricating and collapsing casing, running 
5 the collapsed casing inio the well and opening the casing into a cylindrical 
configuration. 

Background An 

Oil and gas wells are typically drilled by installing a conductor pipe to first 
10 depth, then drilling the well to a second depth. A string of casing is made up by 
coupling together scaions of pipe, each being about forty feet long and lowering it 
inade the conductor pipe in a nested arrangement. Cement is then pumped down the 
casing which flows back up the annulus between the casing and the open borehole. 
Drilling is resumed to a third depth and the process is repeated with another smaller 
IS diameter nested casing. An even smaller diameter string of casing may be installed at a 
fourth depth. 

These casings serve to support the borehole wall and to prevent undesircd 
outflow of drilling fliud into the formation or inflow of fluid from the foimation into 
the borehole from su-ata other than the target production strata. The nested 

20 arrangement requires a relative large borehole at the upper part of the wellbore due to 
the thickness of casing couplings and also due to the minimum clearance necessary 
between casing to displace cement in the annulus space. 

Larger borehole are more costly to drill since they require larger drill bits, more 
mud, and more cuttings disposal. Also, a larger diameter pipe has a lower pressure 

25 rating for the same wall thickness than a smaller diameter pipe, in consequence the 
casing have to cover the previous one up to the wellhead to enhance the pressure 
capability as the well goes deeper. Also conventional casing requires a derrick to 
make-up the pipe sections and lower the casing string into the well. Derricks are big 
and costly to move, and lunning casing in forty foot section is time consuming. 

30 Liners are employed in some wells. A liner is similar to a casing, however, 

rather than extending completely to the surface wellhead, the upper end of the finer is 
suspended on the lower end of the previous string. Liners still must be run by making- 
up pipe sections together and are employed usually to extend in limited lengths from 
only the smallest diameter full length casing installed. 

35 Coil tubing units permit one to rapidly run a continuous metallic tubing into a 

well. The tubing is plastically coiled on large reels. A pushing mechanism straightens 
up the tubing and lowers it into the well as it is uncoiled from the reel. Coil tubing is 
used to circulate fluids imo wells for various purposes. However, it is seldom used to 
serve as casing due to its small diameter. Coll tubing is smaller in diameter than 

40 typical casing, winch have usually a minimum diameter of five inches. It would require 
a large reel to be able to coil several thousand feet of metallic casing of five inches in 
diameter or larger. 

Disclosure of Inventinn 

45 In this invention, a metal strip plate is formed in z i^^.er.'^ny <iibul2u- 

configuration. and ^wdded longitudinally with at least one string of continuous tubing 
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uiMrted during the mamifacturine process. Ahemaiively circular pipe seciions about 
fony fee. long ^e welded together and strings of tuttng are tl^^ed inst'e^ 

" ^^l"^ "^'^ ^ ^ due 

lo Its small height by comparison to its nominal diameter. The upper and lower end 

pomons of the casmgs are generally formed in a sotnewhat cylmdrical cotrf.gunuion 

An op«„„g tool .s baited .n the lower end cylmdrical portion. The opening Sol has a 

piston and a conical fornimg head located above the piston. A pr4.re chamb^ is 

created below the piston in the lower end portion of the casing 

e„,erin7.t*^r 'Li'^^^r^ ^"^"^^ •'"^^hoe shape prior to 

down the tubing into the pressure chamber to open the casing i«o a cylindricd shape 
cau«s the head of the opening tool to form the casing ftom the collapsed/folded 

Preferably, two strings of tubing are installed in the casing while it is beine 
manufactured. One of the strings of tubing serves to pump a cement sluny dowS 
through a cement shoe located at the lower end of the casing. The cement flows back 
up the annulus surrounding the casing to cement the casing in place. Then fluid is 
20 pumped down the other string of tubing to open the casing. 

Also after the opening tool reaches the upper end of the casing, a forging tool 
IS used to expand the upper end cylindrical portion of the casing into a luusi ia metal 
sealmg engagement with the lower end of the previously cased section of the well In 
the preferred embodiment, this involves releasing the naming tool from the upper end 
of the casing after the collapsed poition of the casing has been expanded then 
loweni^ the forging tool located above the ronning tool into the casing. Fluid is then 
pumped down to radially foige the upper end of the casing into engagement with the 
lower end of the previous one. 

The opening tool includes a forming head with a conical body with flutes 
Balls roll along the flutes in rolling engagement with the casing waU as it is being open 
to a cybndncal configuration. The balls force the opening of the casing as they roll 
along the flutes. The balls roll from the flutes into a lower ball passage an axial 
passage, into an upper passage, and back into the flutes in a continuous cycle 
Alternatively, the fonning head comprises a conical body with thin dual conical 
35 segments to increase the forming head diameter 

Brief Descrip|iff p of Drawing s; 

Figures lA-lD comprise a vertical sectional view of an assembly for casing a 
well, mcluding a collapsed string of casing being installed in a well along with a 
40 ninning tool and an opening tool. 

Figure 2 is a cross scaional view of a portion of the running tool of the 
assembly of Figures I A-ID. taken along the line 2-2 of Figure IB. 

Figure 3 A is a sectional view of another portion of the running tool of the 
assembly of Figures lA-lD. taken along the Une 3-3 of Figure IB. 

45 P«8^c3B is another sectional view of the running tool taken along the line 3-3 

of Figure IB. but showing the running tool shifled to a released position. 
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Figure 4 is a sectional view of an imcrmcdiate portion of the casing of the 
assembly of Figure 1. taken along the line 4-4 of Figure IB. 

Figure 5 is a sectional view of a portion of the opening tool of the assembly of 
Figure IC. taken along the line of 5-5 of Figure IC. 

Figure 6 is another sectional view of a portion of the opening tool of Figure 
IC. taken along the line 6-6 of Figure IC. 

Figure 7 is a sectional view of the cement shoe of Figure ID, taken alona the 
line 7-7 of Figure ID. 

Figures 8A and 8B comprise a sectional view of a portion of the assembly of 
Figure I, shown after cementing and during the opening of the imennediate portion of 
the casing. 

Figure 9 is a sectional view of the assembly of Figure 8A, taken along the tine 
9-9 of Figure 8A. 

Figure 10 is a sectional view of the assembly of Figure 8A, taken along the line 
15 10-10 of Figure 8A. 

Figure 1 lis a sectional view of the assembly of Figure 8B. taken alone the line 
11-11 of Figure 8B. 

Rgurc 12 is a sectional view of the forging packers of the assembly of Figure 
I A, shown lowered into the upper end portion of the casing and in the process of 
20 forging the upper end portion of the casing into scaling and locking engagement with 
the lower end of the upper cased section. 

Figure 13 is a sectional view of one of the forcing packers of Fsgr^rc P lakcn 
along the line 13-13 of Figure 12. 

Figure 14 is a seaional view of the well of Figures 1 A-ID, shown after the 
25 casing has been set and the installation apparatus retrieved. 

Figure 15 is a schematic sectional view illustrating a step in manufacturing the 
collapsible casing of Figures 1 A- 1 D, 

Figure 16 is another schematic sectional view of the casing of Figure 1A-!D. 
^showing the addition of an outer layer in the case of a multiple layer casing 

Figure 17 is another schematic sectional view of the casing of Figure 16, 
showing the welding of the additional layer. 

Figure 18 is a sectional view illustrating one of the end portions of the caang 
of Figures I A-ID with a dual layer configuration. 

Figure 19 is a schematic view illustrating the collapsed casing of Figures lA- 
ID being uncoiled from a red, folded in a horse shoe shape and lowered into a well 

Figure 20 is a flattimed sectional view of the casing of Figure 19. shovwi along 
the line 20-20 of Figure 19. 

Figure 21 is a folded sectional view of the casing of Figure 19, shown along 
the line 21-21 of Figure 19. 

Figure 22 is a schematic view illustrating valves for controlling the flow of 
fluids to the installation apparatus of Figures I A-ID. 

Figure 23 and 24 are isometric views illustrating an alternative design for the 
opening tool inchiding expander segmems. 
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4S Best Mode for Carrying Out the Invention 

Referring to Figures lA-ID, the well ilhistratcd has a cased section 1 1 which 
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has already been cemented in place and an open hole section 13 which extends bdow 
cased section II to the target depth. A continuous string of casing 15 according to 
the invention is shown ,n place in the well with a lower end portion 15a at the tower 
end oni« well open hole section 13. Casing 1 5 has an intermediate portion I5b that 
extends from the lower end portion upward, typically several thousand feet, to an 
upper end portion 15c. Upper end portion 15c overlaps the lower portion of cased 
sec^n H. Casing lower and upper end portions 15a, 15c each are somewhat 
cylmdncal with axia l y extending corrugations 17 as shown in Figure 5. Corrugations 
17 are straight axialiy extending channels on both the inner and outer diamrtcrs of 
casing, providmg mward protniding valleys 17a alternating with outward protruding 
peaks 17b. Intermediate portion 15b. shown in Figure 4, is colUpsed and folded 
having a bight 18 that oiives inward and touches the opposite side, which is generali; 
arcuate when lowered mto the wdlbore. b^cnmy 
Referring to Figure ID, a cement shoe 19 is located at the lower end of casing 
lower end portiot) 15a, Cement shoe 19 provides a end cap for casing 15 and is made 
of dnilable matenal with a. cementing port 20 extending axialiy through it A metal 
stinger 21 engages sealingly imo the upper portion of cementing port 20. Stinger 21 is 
a tubular member having a conduit 23 for pumping down a cement slurry through 
conenang port 20 which flow back up the annulus space surrounding the casing 1 5 as 
20 indicated by the arrows. Stinger 21 has al.so some flow ports 25 which are isolated 
from conduit 23 and lead to the exterior of stinger 21. 

A cement slurry tubing 27 extends continuously through casii^^ 15. aiid Ims its 
lower end coupled to stinger 21 for connecting with conduit 23. Similarly a fill^up 
tubmg 29 extends continuously through casing 15 and has its lower end coupled to 
stmger 21 for delivering fluid to ports 25. Tubing strings 27, 29 are, conventional 
metal coded tubmg striiigs of about one inch in diameter. 

An opening tool 3 1 is housed in casing lower end portion 1 5a, shown in Figure 
IC, above stinger 21. Opening tool 3 1 includes on its lower end a piston 33. Piston 
33 is an clastomeric cup sliding seal, which has straight axialiy extending grooves on 
Its extenor for meshing with the cortugations 17 of casing lower end portion 15a. 
Piston 33 has a packing clement 33a to seal around tubing strings 27. 29. A pressure 
chamber 35 is located in the space surrounding stinger 21 above cenient shoe 19 and 
below piston 33. In the running-in position, as shown in Figure ID, pressure chamber 
35 is at Its minimum volume. A cylindrical metal piston head 37 extends upward from 
35 piston 33 . Piston head 37 is engaging a sleeve 48 which a smaller outer diameter than 
the inner diameter of casing lower end portion 1 5a at vall^ 1 7a. 

Opening tool 31 has a tapered or conical fonmng head 39 that tapers from a 
smaller diameter upper end to a larger diameter at lower end. Head 39 has vertical 
flutes 41 which align with vaOcys 17a, as shown in Figure 5. A plurality of balls 43 
40 roU down flutes 41 of head 39. BaQs 43 are movable thnnigh two axial passages 45, a 
plurality of lower lateral passages 47. and a plurality of upper lateral passages 49. 
Piston head 37 initiafly is in a lower position whhin a sleeve 48 of head 39, providing a 
chamber for a number of balk 43 as shown in Figure IC. When piston head 37 is 
pushed upward, uittil it wiU enter in contact with a flange 50 of head 39 as shown in 
45 Figure 8A; it will push the balls 43 upward through axiai passages 45. Balls 43 move 
outward on upper ball passages 49. down flutes 41. and back inward in lower ball 
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passages 47 to axial passages 45 in a continuous cycle as body 39 moves upward in 
casing 15. *^ 

Referring again to Figure IC. opening tool 31 has a cylindrical top end 51 
which has an outer diameter equaJ to the minimum inner diameter of casing lower end 
portion 15a, which is measured at valleys 17a, Balls 43 will engage valleys 17a when 
contained m flutes 41 and bend the casing wall to line up with expanded peaks 17b 
While at the upper end of flutes 41, the diameter from one baO 43 to an opposite ball 
43 IS substantially equal to the diameter between valleys 17a. When balls 43 are at the 
lower ends of flutes 4 1, as shown in Figure 8 A, ihe outer diameter of forming tool 3 1 
measured from one ball 43 to an opposite bail 43 at the lower ends of flute 41 is 
greater than the minimum inner diameter of casing lower end portion 1 5c 
Consequently. baDs 43 push valleys 17a outward to open, in a smooth circular 
configuration, the upper end of casing lower ponion ISa as opening tool 31 moves 
upward. 

Due to the relative stiffiiess of the casing metal wall, the intermediate portion 
15b IS opened from its folded configuration ahead of the opening tool 31, and the 
contact between the inner wall and the opening tool 31 is made only by the balls 43 
rolling on flutes 41 of the conical forming head 39. 

Referring to Figure IB, a running tool 55 is located at the top of casing upper 
end portion 15c. Running tool 55 is a tubular member which has an outer sleeve 56 
The exterior of outer sleeve 56 has vertical grooves 58 between vertical bands 58a 
Outer sleeve has a set of threads on bands 58a which engages a mating set of thix:ads 
57 formed on valleys 17a in Ihe upper inside end of casing upper end portion I5c. 
Because of conrugations 17 and grooves 58, threads 57 will be discontinuous and 
located only on the valleys 1 7a. 

Outer sleeve 56 is supported by an inner body 59, which has a smooth 
cylmdncal exterior Outer sleeve 56 has a J-pin 61 that protrudes inwardly into an 
dongaled U-shaped J-slot 63 formed in outer body 59. J-slot 63 has a first leg 63a 
and a parallel second leg 63a joined at the bottom. During running-in of casing 15 J- 
pin 61 win be at the upper end of the first leg 63a and maintained in this position by 
the weight of the casing 15 hanging on the running string connected to the inner body 
59. After casing intermediate portion 15b has been opened, the weight of the casing 
15 IS supported by the numerous contacts witJi the inner wall of the borehole. After 
opemng has been completed, the operator will lower the rxinning string 72 which 
lowers the inner body 59 relative to outer sleeve 56. Subsequently, the operator wUl 
pick up the running string 72 to place the J-pin 61 in the second leg 63b. This causes 
sleeve 56 to rotate an increment, as shown by the arrow in Rgure 3B, disengaging the 
threads on outer sleeve 56 from threads 57. Bands 58a on outer sleeve 56 align with 
peaks 17b, aOowing running too! 55 to be lowered into casing upper end portion 15c. 

Rumung tool 55 has a main supply passage 64 connected to the passage in the 
lower part of packer suing 69 which extends into inner body 59. A cement slurry 
passage 65 (Fig, 3A) connected to tubing string 27 is k>Cated in tunning tool 55 and 
can be connected to the lower end of main supply passage 64. Similarly, a fill-up 
passage 67 connected to tubing string 29 can be connected to the lower end of main 
supply passage 64.. 

Inner body 59 of mnning tool 55 is connected to the packer string 69 by 
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threads. The upp<^ part of packer string 69 features a ceiUnOizcr 70. Two or more 
iZ^t^^'^ri' "T'"^ '"^ f'^'^ «™8 69 between centnUizer 70 ° J 
^1^1^ r.-"" ""PP"*^ internal pressure fro^a 

down hole pres«,re muhtphcator (no. shown), will inflaTe and radially expand ,o 
ga«.cajy forge .he upper end ofcasing upper end pon^^^ 

Hydraulrc passages 73. extending through packer string 69 can be comS li, 
pressure multiplicator to lower end of main supply pa^je 6?iL ! 
.nner body 59. Paker string 69 is connected at cZll^^o .^Tn^^Zl'^i 
wh.ch extends ,0 .he surface. Preferably, tt^nning string 72 is another stri^lof SlS 
tubmg approxunatdy two mches in diameter. Packers 71 have external Si gr^^^ 
74 which^l align with vaOeys 17a of casing upper end portion 15c when pa<K^ 
arc low^ed into upper end portion I5c with the centralL 70 landed on Wrfthl 
casing !5c as shown in Figure 12. P 

valve. 7'J*?^",S7o "^^'^ ^L-" ^''^^'^ e-nbodiment. electrically actuated 
valves 75. 77 and 79 are mounted in mnning tool inner body 59 (Fig. IB) Valve 75 i! 
in duny pass^e 65 and opens and closes flow to tubing 27 Valte 77 is in op«rin« 

29. Valve 79 .s m pressure passage 73 for opening and closing p^ure fluid from 
main «.pply passage 64 to forging packers 71 (Fig. IA). Electhcal valve control wir« 
(not shown) extend through coiled running string 72 to the surface to a control p7a 
A small accumulator (not shown) supplies hydraulic fluid to vahrcs 73 77 79 to onen 
and close them when electrically actuated. Pumps 80 on the surface, which c ■ J?" 
S^tfrT* "^"^ "^"^"^ P^«»"« tlo*" main suppty 

cfrin vi*!?^"* T ^u*"'^"* "''"S *>^"8 « first metal 

strip 81 fi-otn a reel and bending two edges down around two laterally spaced aoart 
parallel cominuous strings of coil tubing 27. 29. As shown in Figure 16. Ae edg««-c 
bent over «nd welded at seam 82. The upper side is bent into a concave shape 
touching seam 82. while the lower side is flat. Then, a second strip 83 is drawn froma 
red and bent to have upturned edges. As shown in Figure 17. second strip 83 is the4» 
b«« by roll«s around fim strip 81 while fim strip 81 b in the configuration shown in 
Fi^rc 16. Rollers then bend the upper side of strip 83 into a concave shape as shown 
in Figure 20. Casing 15 thus is double-walled and has a fiat side 85 that extends 
between parallel tubing string, 27. 29. genendly tangent to outer diameter portions of 
tubing stnngs 27. 29. 

The use of two walls for casing 1 5 reduces the amount of strain that would 
Otherwise occur dunng opening plastic defomiation with a single wall casing having 
the same total thidcness. Tliree or more wall casings might be desirable in certain 
cases. Casing made of multiple wall needs good friction between the wall to rerist 
external pressure. Known ftiction enhandng tedmiques sudi as sui^ stamping, 
surface treatment or coating are desirable to offer adequate extenud pressure 
capabdity when open. Also the circumference of the external wall can be made slightly 
smaller than the prenous one to offer adequate fretting of the wall when casing is 

Casing J5wiU be coUed on a red 87 (Fig. 19) wliile in the configuration shown 
in Figure 20. Red 87 is a large member capable of holding up to 5000 feet of caang 
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15 wKch has a 5-1/2 inch octemal diameter when expanded to a cvlindricaJ 
corfigun.Ooo. F,6ure 18 illustrates corrugations 17 whichW^fonJ^ on boS^ 

fir« n^r? "T'"'^"* intennediaie portion 15b will 

fir t pass through a s« of bending roller. 89 as shown schcmaticali; in pSrure |7 
Folding rollers 89 wUI form casino 15 from the collan«>H fl,».--l!i V 
F^rc 20 .0 ate folded colLM,,edcoV.g..ro:^ 

18. and posifons tubing strings 27. 29 closer toward each Sh^ TT,e ^1?™™ S 
o oistng imcn^cdiate portion 15b in ,he rounded coUaps^^nS^nTrl,t 
21. IS less than the inner diameter of cased section 1 1 (Fia lA^ T^^JL^lt 
of ca^e intermediate portion .5b while in the d.'^S fl^teSTfi^rnt 

S I ^'t^'' of cased section 1 1 . AssociatS^th the 

foldmg rollers 89. a gripping and pushing mechanism 91 is empl3^^oldS 
pushing mechamsm 91 ts constructed generally as in a conventionS cS^tubljiS 
mechamsms^ It gnps casing 15 without deformation, pulls h from reel 87 and wsh« 

tnZ^r - '''^ 21. resists the ;omprmt 

appbed by gnpptng and pushing mechanism 91 while being pushed into the well 

n,.ru. ^''""f.'^'^'o^^^ 15 will be uncoiled from red 87 and puAed bv 
reSbTlT ThT «° "^"O" of open hde 

orr«i„„ . . /^•'""'^ P^'"'*""'>' «> »"« the upper end 

of pomon 15c extends mto cased section II (Fig. IB), overlapping it^er a 
subsun Ici^th. Valves 77. 79 are dosed and valve 75 (Fi^. 22) is o7n a^d Zen 

valve 75 and down cement slurry tubing 27. As shown by the arrows in Firre ID 
he cement sluny flows down passages 23. 20 and flows up the anmdS spaS 
surrounding casing 15. »l»w. 



^ of cement will be pumped based on an estimate of the total 

vohirae of the annulus as ,f casing IS had already been opened to the cylindrical 

.^SS""- ^r"1<K "'t'^ honeshcrconfigumtiontSS 
.ntermofaate portion 15b. a much greater annulus volume initialty will be pS 

around casing im«mediate portion 15b. as shown in Figure 9. facilitating circulation 
Cons«,uently. mitully. cement 92 will normally not completely fiU the aLihis to the 
top of c^ng upper portion 15c. During the pumping of cement, displaced drilling 
fluid, or retu.^ wiU flow up the conugations 17 of the casing upper Zi sectionTs! 

am«^ surrounding ju«u„g .ool 55 flow by ports A retu^Tflow „p' 
tTth^su^ *" "^""^ surrounding nmning string 72 

fl.,.l,i„„'^ ^ ^7f^ calculated volume of cement slurry, a selected voUmie of 
flushing fluid will be pumped down cement duny tubing 27. Tlie volume is sdeaed to 
be just the amount needed to push cement shiny from conduH 72. tubing 27 and 
sungcr 21 mto the open borehole, but substantiaUy no more. The valve "j is titer 
closed and vaKe 77 is open. Drilling fluid is pumped down conduit 72. which flows 
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through passages 64. 67 and down fill-up tubing 29 The fluid fl««r^ «... « ^ oc - 
pressure chamber 35. shown in Figure ID. """^ P^''' 

As shown in Figure 8B. the fluid pushes upward on piston 33 whirh .va 
upward relalrve to tubing strings 27. 29. Piston head 37 puZs bSi 43 1" 
space in sleeve 48 upward into Dassases 45 « «n k? u ^^"^ 
with Figure 8A. On^e in -r^CToXtr^^trb^S^^^ 
bepns .0 push 0.e opening tool 31 upward while XH^nas^T 20 
suiuonanr. Due to the eneaBe„,e„t of balls 43 with h«d ?9 tS^LriL L 
ponion 1 5a. balls 43 are forced to roll down the incIincS fluti 4T dS 

intcnnediate poition 15b B Jls 43 v^n^^T ^ ""T "^^'"^ ™° 
confi«..a..nrrr.,re 9^t^ id^Lrn^l'^r^^^^ 
casing expansion process, the a„™.Ius surrounding casii^! inteSSiate 
deceases pushing cemcm sluny 92 upward, and returns i flr^ ?mo7he Xr^^ 

^me of the cement sluny 92 will flow out above running tool 55 ,0 insurTTnroDi 
^ between casings when they will be later forged togV As fo^g 
moves upward, the volunw: of pressure chamber 35 increases This nSLe^ Jl 
commue for the entire length of the casing which could e.ce3^ JLJSStT^ 
Eventually, forming tool 3 1 will reach casing upper end portion 1 5c AHhic 
pom. balls 43 v«ll push ou.watxl on valleys 1 7a to rLdTe con^S «l„figur Lt 
7 mto a cylmdncal configuration in the same manner as at casing lower^dTntn 

ptotrud« a short distance into casing upper end portion 1 5c. shown in Figute IB 

72 „o ""T* ^' '"'^ f^*"" 57 by letting ^ng stH„o 

72 go down a short distance, then pulling upward. While lowing, tubing strLTz? 
29 will spiral slighUy along U^ir lengths to accommodateTtmprlor 

01 rotation of sleeve 56 occurs relaive to inner body 59. Thb rotation as illustrated in 
Figure 3B, causes threads 57 to disengage from the threads oTd^rsJ^^n^ 
rtimung ,ool 55 from casing upper e«l ponion I5c. Grooves 58 oTout^* de<^^ 
wUI now be aligned with vallq-s 1 7a. on outer sleeve 56 

within ^ 72 to place forging packers 71 

vnthin casing upper eml poition 1 Seas shown in Figure 12. Because of fhed^^il 

17 outer sleeve 56 and packers 71 wiU pass downwartJ within casiiig umTttd 
portion ISc Centralizer 70 is closely spaced to the inner diameter of^ U 
^^Z ^ r ™ "P*^ "'^^ °f casing upper end pottkm 15c. Valve ^i? now 
Sifl!?'*!' "'^ ^ ^'''^ « supplied with mud pump 80 
tiuou^ nmmng stnng 72. Tha pressure which wiU be multiplied by a known pressure 

upper eitd poitton 15c out mto a tight gripping and sealing engagement with cased 
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section II. 



The nuid pressure is then bled off Co allow forging packer 71 to r«r,rt Th 
raniungstnng72isliftcdtopuUupninnin8ioolSS T»L^ U ,T 
upward done with stinger 2U^i Sp^S<^3 iSt^rfT' m "^"^ 
Of the well and red back on the reel 87 F^rc i """"^ P"""* ~* 

installaUon apparatus. CaSng ic l^Z 'J^Z'tr^,!' ^ 

shoe and drilling can resume just after Also T 
n«y be of a con't.nuous ^^ZZp^l^l^T l IZZ " 
93. Cased section 93 is shown to a^L be 

^ as descnbed ^ U^ated within a conductor 95 tJlt "a t'S 

in o?siv.it:^ir rh^^^^^^ wh.e 

segments 34 and 36 slide downward from an upper pS (RrUr" 

complete the expanding ring 30 fFic 24^?^; I ^ Segments 36 which 
attached on .hrTonicdS„rhS'38 A S^^^^^ «f« 

Aifr^J^ advantages. As can be seen in Figure 14 the 

diam«cr «nngs than in the pnor art The method can be performed without the n^ 
for a ho«u^g mast If drilling b done by turbine driven drill KSeJX 

wmic the invention has been shown in onlv on^ nf ife fi>r.«^ il .j ^ 
apparent to Utose skffled in the an that it is not so StS^bS iTstSS^ t"^^^. 
changes ^ departing fiom scope of *c invemba f^SS^'X"Z 
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coiled hibrng ninmng stnng 72. if a hoisting mast is available, conventional drill pipe 
^ r'f^ ^ ?1! ^'•'^ valves, the va^Tw^^ 

accomphshed by bal s or dans down the conduit 64 to selectively doseTT^^pTtS^ 
passages. Also, rather than dastomeric packers for expanding .he casinTX enJ 
pon.on. other pre«ure actuated metal nulially expandablVmen*ers may be ^oylJ 
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Claims 

I An apparatus for casing a well, .he improvement characterized by the combination of 
a contmuous metal casing (1 5) that is wound onto a red (87) imH^^l 
collapsed configuration (Fig. 20); ' Senerally 

^ deploying means (Fig. 19) for deploying the casing from the reel into the weU; 

opening means to open in-situs the continuous metal casing from the coII,n«.^ 
configuration mto a cylindrical configuration. co'lapsed 

2. The apparatus accordiqg to claim I whermn th. 

opcni.^ tool (3 , ). comprising a pistor(J3)^ScJ foSeS m T 
piston (33) and fonning a pressure chambe (35) bctv^Za CotS 2'.i!,\h ' " 
located in a closed straight end portion of tie Lng^ is g^'J ^^SZ 

(33) to push the opening tool inside the continuous metal casing (| 5) cZn^tJ^ 
oom«^fo™„g head (38. 39) to radially open the continuous metfl SgTs) fr^ 
the collapsed configuration mto a cyfindrical configuration. ' 

3. The apparatus according to claim 2. wherein the closed straight end Dottion of .h^ 
casing (IS) has axially extending corrugations (17) ha^ ^2^™ ISj 

irgrtir «^ ^t^:^ 

(29^^^ '^'^J'" « '«^. «ring of tubing 

5. TThe apparatus according to daim 4. wherein the opening tool (31) is located in a 

and the fluid is pmnped down the string of tubing (29) into the pressure chamh«. m\ 
actmg .ganst the piston (33) to push the opening tool (3 1) upwid ^^^^ 

6. The apparatus according to claim 4 wherein tht^t^ m 



35 casing. 



f3 n^nrllT^ ^"^ ^' 0" the opening tool 

01) for engaffj^ Uje collapsed portion of the casing in rolling contact (Sus Z 

openu« tool bends the casing wall imo the gencraflycJnddcZnfiguS 

8_ -The apparatus according to daim 2. whereb there are means on the openina tool 
(3 1) for increasing the diameter of the conical fonning head (38. 39). ^ 

9. TTie aptKiratus according to daim 8, wherein the means to increase the diameter of 
the corner Ibrnimg he«l (38) are expander duel cone comcai seg«ei.ts ajf 
located » a retracted position and ^ staggered fiather up ..J in ^ ^ 2 
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conical forming head (38). 

or .he 

1 l_ nje apparatus according ,o claim 1. wherein while .he casing (15) is on the rtd 
(87 . the casing has a generally nattcned configuration (Fig 20) aJd vTJrin S 
deploying means (Fig. 19) also comprises bending means fS SdStteS^Ll 
cort^guration of the casing into an areuatc genenillj h^hS^coTfiguTatS; fpil^ 
as .he cas-ng (1 5) is deployed fton, .he reel (87, and prior to ent'^mo .hTwe^- ^ 

12. The apparatus according to claim 1 1. wherein .here arc two strines of tubina m 
29) located mside U« casing a, both ends of the flat.e.«d confi,;S(Rg; 20!^ 

13. The apparatus according to claim I. wherein there are- 

a m^CSTsI? ^"'^ «8-«»"y cylindrical; 
the casiJ^r"*'" "'"^ """'"^ "PP" '"^ P*»"'°" of 

casing in .M; '^'""'^ '° ' <'2) for lowering .he 

.he rdeasable means releasing the running tool (55) from the upper e.«d ^f the 
casmg after the casing has been opened into the cylindrical configurati<irfor re riev^^K 
the ninning string (72) and running tool (55). retrieving 

14. The apparatus according to claim 13. wherein there are 

™^„n h!l Sr • """S O'- tubing (29) located inside the casing and the op«ung tool 
piston has sealing means (33a) around the tubing. r b 

tool- (27. 29) to the running 

means to retain the opening tool on the shing of mbing; 
c«„„ fi' «'«««"8 the ninning tool (55) from .he upper end of .he 

r^ '•'^S 0|^"8 ^00' (3» «™« »he string of 

tubmg (27. 29) aaerthe casing has been opened imo cylindrical configuration. 

15^ The apparatus according to daim 1. wherein .he weU has an upper cased section 
(11). and wheran the apparatus further comprises means (71. 74) for plasiicallv 

^sroi.Si'^^r' ^''"^ "'^^ 

16. The apparatus according to claim 1. wherein the casing comprises at least two 
conccmnc sleeves (81. 83) in tight contact with each other. 

n Jhe appanmis according to claim 3. wherein the corrugated casing straight end 
pomon (15a^ 15c) comprises at least two concemric sleeveu (81, a3) in tight contact 
With each other. 
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1 8. The apparatus according to claim 1. wherein there are- 
first and second strings of tubing (27. 29) 

a continuous metal casing (15) having an'intermediate ponion (ISb) farmed i„ 
> a generally flattened configuration (Fig. 20) with the Gr« « J . ^ ^ 

contained therein and later^ly spaced fpart. '^"'^ 
the casing having agcnerally cylindrical lower end portion (J5a) 

and a coSZiX'^a'S ^ ""'^"^ ^ ^ <^^> 

a cement shoe (19) at the lower end ponion below the piston 03i whirh 
be made ,n communication with at least one string of tubing (27) ^ ^ 

piston(;3rr:;or.et£'n!;;ol'';,S^^ .-^-8 below the 

at least one string of tubinr(») made in commumcation 

Iow«mg the running tool (55) and the upper end portion of rhrc^nTnSc/tn ,t 
TrSnTr '«ate';>rtion ;i5b)^"Si\^^ 

portion of the casmg (15a) m the open hole section ofVhe well (13) 

07> ''""''''"^ '■'"^ «^"'P'"e cement down at least one strinc of tubing 

(27) and out the cement shoe to return up the annulus surrounding ~g 

(29) i2^L^T'^ T^l P""""'"*^ ' « string of tubing 

tS A n T'^ ^8'''"^' P'^°" (33) to push L opS 

casin. f TsT, 1^"* "^"8 ^^5) frt>n. the upper end portion of the 
^^im A (55) . the opening tool (31) and the fi?« 

?5bi^"^ ^ i "^"^ "^^"'""8 '^'^ interniediate portion Of the «JS 
( 1 5b) has been opened mto the cylindrical configuration. ^ 

1 9. A method for casing b a wellbore. comprising- 

a red ' "^"^ "^'^ '"^^ ^ 5) and winding the casing onto 

lowering the casing from the red into the wdl (Fig 19) and 
configuS' ««^'^«'o» • cyUndrical 

20. A method according to claim 19, further comprising 

colbncii*!*^ " ^ T (27) it«o the metal tubular casing prior of 

coUapsing and wuidmg the metal tubular casing onto a ted (87) 

Wc. ' *^ of'**' "iinS an opening tool (31) whidi has a 

rr ^ I "^f " ~"'=^ '^'^ (38, 39) and ptovi^ a pr^« dZbl 

between the dosed end portion and the piston (33)- ^ ^ 

lowerii^ the casing (15) from the reel (87) imo the well; and pumping a fluid 
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10 



15 



into the pressure chamber (3 5), which acts against the piston (33) to nush th. 

tool (31) relative to the casing (15), causing the CoZTg V^J o ZZw o^^^ 

casing frotn the collapsed configunitionimoacylindr^ 

21. A method according to claim 20, fiinher comprising 

fl.,i.n- ''''.h T °/ '"^^^^ casing prior to 

flattening the tubmg and wmdmg the metal tubular casing onto a reel (tm 

plaang m a dosed bottom end coriugated straicht nortinn of ti,!"^, • /. r x 
the opening tool (31) which has retracuble oUSg 

lowenng the casing (15) from the reel (87) into the well anrf h^„H; .u 
flattened configuration of the casing; and 

pumping a fluid down the tubing into the pressure chamber (35) which 
against the p.sto„ (33) to push the opening tool (3.) relative to he ca^f (J^ 
causmg the fomung head (38. 39) to grow to its nominal drifting dim^sbn to o^ 
«d dnfl the casmg fiotn Ute collapsed confiscation into a cyfindL JSS^raJon'^ 
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